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SUMMARY

This 1s vhe final technical report on
the development of prototype compact arc radiation
sources directed towards increasing the infra-red
radiance in the 0,85 to 1.5 micron region over pure

xenon lamps of equal wattage,

Included in this report are all design
and fabrication techniques employea for the construc-
tion of synthetic sapphire envelope short arc lamps
with cesium, rubidiunm, mercury, and xenon fills,
Spectral irradiance curves have been measured for a
250 watt xenon lesmp as well as for césiuﬁ;xenon, and
cesium~mercury-xenon, and rubidium-xenon lamps cpersating
at wvarious partiél pressures and wattages, Radiance
data for a quartz envelope xenon lamp and sapphire
en&elope cesium-xenon and rubidium~xenon'lamps‘are
shown for the applicable spectral range. The expected
power and energy increase in that spectral range was
obtained with increasing cesium and rubidium pressures.,

The characterlistically strong cathodlec concentration

. and higher plasma temperature of the xenon discharge,

however, result in lower radiance values for cesium-
xenon, cesium-mercury-xenon, and rubldium-xenon dis-

charges when equal arc areas are compared.




I. Introduction

A, Provisional Program for the Full Contract Period

The followlng tentative program was based on

(1) USAERDL RFQ AMC(T)-4l-009-65-1075-C, (2)
plan of technical approach as detailed in the
proposal for the RFQ by Duro-Test Corp., and

(3) the present contract's Work and/or Services
Schedule - Arficle I - Scope of Work., Following
discussions and negotiations with Mr, S, B,
Gibson and Dr. D, Fromm, USAERDL, Combat Sur-
veillance, Night Vision and Target Acquisition
Lab., Night Vision Lab,, Fort Belvoir, Va,*

the provisional program was smended to concentrate
on a particular phase of development which will
be described in detail under B, below.)

1., Experimental investigation and tests and

fabricaticns of prototype samples, all directed

toward substantial increases in the near infra-
rqd spectral radiance, within the region from
0.65 to 1,50 microns, of high intensity gaseous
discharge sources, The general areas of in-
vestigation shall include, but not necessarily

.be limited to, the following:

#) The Contracting Officer's representatives for this
Contract,




a,

b.

C.

d.

N
[}

Compilation, study, and analysis of
excitaticn energies, ionization
energles, dissociation energies,.
energies of resonance spectral lines,
and vapor pressures of elements and
compounds which are most promising
for incressed near infra-red spectral
radiance in iow wattage compact arc

1amps(

-Eiperimental investigation to establish

the interactions between carrier gases
and additives which influence shifts in
the spectral distribution toward the near

" infra-red fegion.

Test measuremenfs on selected plasma com-
positions to determine radiationrn, thermal,
chemical, electrical, and mechanical re-
quirements of lamps for proper operation

and control.

Fabricate, test and deliver experimental
prototype lamps whizh demonstrate the
feasibility of producing metallic-vapor arc
sourcas of high intensity near infra-red

radiance for military applications, The




2)

experimental lamps shell have the following
design goals:
1) Power ranges: 106 to 250 watts
250 to 350 watts
350 to 500 watts
2) Near infra-red radiation efficiency:
100% higher than a pure xenon lamp
6f equal wattage and equal viasual
secﬁrity when viewed through &n IR
filter with a sharp cut-off at 0.85
microns,
3) Operating life: 25 hours (minimum)b
L) A;c length: 3 millimeters (operating minimum)

In connection with, and as part of the work arnd

- gervices to be performed the following shall be

furnished:

a. A total of 9 prerimental prototype arc
laﬁps, including 3 in each of the power
ranges specified-under item IA 14 abové.
These nine lemps will be selected by the
government as those exhibiting the most
desirable operational and configuratory

characteristics.

‘b. All experimental and test materials, not




.

3.

Ce

d.

-

expended, and all experimentel devices

fabricated in connection with the work

and services performed under this contract.

One complete and reproducible set 6f de -
tailed working drawings of all equipment,
devices, agsemblles, and subassemblies
which may be developed in connection with
the work and services of this contract,

The draﬁings shall be sufficiently complete
to allow reproducing thé‘equipment,devices,

etc,, at the resesrch and develcopment level,

Three Quarterly Technical Progress Reports
in accordance wilth the requirements as
specified in "Instructions for Preparation

of Reports."

One Final Technical Report in eccordance
with the requirements as specified in

"Instructions for Preparaiion of Reports."

The arcas of study listed under 1 above may be

supplemented, to the extent applicable by

Section II, "Plan of Technical Approach to

Fropossl by Duro-Test Corp. on RFQ AMC(T) -

Wy-009-65-1075-C, This proposal was dated
February 8, 1965,
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Amondad Frogram for the Mull Contrunot Ferdod

Prior to the satart of tunl work on tha cone.
tract 1t was thought that the program would
essentinlly follow the "Plan of Teohnioal
Approach" outlined in the proposnl of 8 Feb, 1965
and roferred to under IA3 abovo, ‘'his meunt that
firat priority was to be given to "Solution 1" —
mercury vapor high proasure compact are in quartsa
bulb with cesium &s main edditive and potassium,
cadmium, 2zinc, and thallium aa secondary adaivives;
all additives to bo introduced as lodldes; xonon
as a starting gas with limited contribution to

IR emission — and "Solution 2" - xonon high

pressure compact arc in quartz bulb with cesium

- and merocury &s main additives and potassium,

cadmium, #inc, thallium, as secondary additives;
all additives, except mercury, introduced as
1od1d$s and xenon rill pressure lower than in pure

reanon ocompact rc¢ types,

Investigation and study of literature had ro-

vanled the significant shift in spectral distribu-
tion of the cesium-xenon discharge when the ocesium
pressw'o i1s increased from 30 to 540, and 1000 mm
of mevoury, These spectrel data, shown in Fig, 1,

I T
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ware thought to ha highly applicuable to the
achiavemont of t'.u ocontract objootlve heonuse

of the inoreasing energy output in the 0.9

to 1.5 miovon rejgion and daoreasing onergy

‘ output. in the 0.8 to 0.9 roegion (where visunl .

#i soourity is un important faotor) with inoreasing

coaium vapor preasure,

. Fig, 2 indiontea that puxrtial pressures of these

magnitudea would regquire 1200°C - 1300° if the
cosium were intrnduced as an lodide compound,
Quarty, howeaver, 1s not copable of operating :

at these tomperatures, Also, quartz is not able ,

g ( to chamloally withstend elemental cesium which
él " would obtain the roequired vapor pressure at
[

| ' . -~ only 650°C - 750°cC,

The data shown in Figs, 1 and 2 made it obvious

that ocegium-xenon short arc 1aﬁps in slkall re-

sistant synthotic sapphire bulbs would provide
the most promising approach in order to attain

the contract goals, Bulbs of synthetic sapphire

were proposed in our "Plan of Technical Approach"
under "Solution 3 and I in order to take advantage
of tho higher partial pressure of pure alkall
additives; however, tho exact nature of the spectrhl
output as a function of pure alkali vapor pressure

was not known at that time,
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Basod on A, and B, above, immoediate priority
was givon to the fabrication of short arc
synthetlo sapphire lamps with cesium.xenon
plasme., "Solution 3 and 4" of the "Plan of
Techniocal Approach" were therefore substituted
for "“Solution 1 and 2" in order of importsnce
and effort. This was approved by the Contract-

ing Orficer's representatives,

II. Investigation

A. Measurements of Quartz Envelope Xenon Lamps,

In order, to establish & basis of comparison of
spectral output in the 0,85 micron to 1.5 micron
region between regular xenon lamps and sapphire
infra~-red emission sources, the spectral irradiance
of a quartz xenon lamp, fabricated for this pur-
posse, was measured at 250 watts., Instrumentation
and méasuring techniques are &s described by L.
Thorington, J., Parascondola, and G, Schiazzanol.
Fig. 3 shows the plotted spectral irredience in

watts/em? ~nm and 1lists the electrical, arc spacing,

and operating pressure characteristics,

1, Chromaticity and Color Rendition of Light Sources from
Fundamental Spectroradiometry. L. Thorington, J.
Parascondola, ard G. Schiazzano. Illuminating Engineering

éu pege 607,

September 19




- For radiance comparison measurements within
specific arc areas a system shown schematically
in Fig. 4 was constructed. The spectral trans-
mittance of the type XK6 filter is plotted in
Fig., 5. This filter transmits at 1.75 microns;
consequently, & water cell with a 10 mm light
path, which cuts off at 1.4 microns is inserted,
ahead of the filtor. The complete system is

therefore capable of detecting in the desired
0.85 to 1,4 micron spectral range, The Eppley
#4875 thermopile is calibrated at an intensity
of 87 x 10-% watts/cm2 and generates 0.078
( ‘ microvoi%s/hicrowatts/cm?. The thermoplle was
‘ , found to maintain linear output up to 450 x 10"6
watts/cm®, The image distance shown in Fig, L was
" chosen to stay within this value, Fig., 6 is a
plot of radiance vs. detector output for the cptical -
system described in Fig, i, Fig., 7 shows detector
outputs along the center line of the arc for the

arcas indicated of the quartz xenon lemp at 66,3

watts and 100 watts, The dashed lines represent
the visible arc configuration. Wi h the aid of Fig. 6

the individual area microvolt vélues cen be con-

verted to watts/steradian-cm2 values., The 66 watt and




B.

100 watt data points are shovm in order to compare
directly to simlilar .attage synthetic sapphire
lamps with cesium and rubidium fills,

Fabrication and Processing Procedure for Compact
Arc Sapphire Lamps, A

l, First Experimeﬁtal Prototypes

The use of synthetic sapphire bulbs in con-
Junetion with an alkali high pressure plasma
reéuireé the fabrication of vacuum tight metal
to sapphire seals with intermediate materials
that resist chemicel atteck from the hot

alkali metals, In order to establish basic
consgfuction and processing procedures, however,
it was decided to first use the less expensive
polycrystalline alumina as an envelope material,

Accordingly, Fig., 8 to 13 show detalled initial

lamp design, assembly, and processing techniques,

Based on the 650-750°C operating temperature
requiroement of the lamp, an envelope size of
3/4" leng, 3/8" 0, D, x 5/16" I, D, was chosen,
A room tomperature arc spacing of 3 mm was
obtained with the tungsten anode end cathode

as detailed in Fig, 8, A piece of columbium
tubing 3/32" 0, D, x .010" wall is prepared as
shown in Fig. 9. The .031 diameter hole located
9/64" from one end serves to introduce the i1l




el |

gaé and cesium vapor into the lamp., The

shank end of the cathode 1s inserted into

the exhaust tubing end near the exhaust hole
so that the tubing end is located 1/8" beyond
the cathode groove. The columbium is then
rolled and titanium brazed into the groove for
mechanical joining. |

Fig. 10 shows the anode and cathode columbium
cap designs. The anode cap (bottom of drawing)
was pufposely loft as part of a columbium rod
go that it serves as an induction generator
‘ suscepfance during the titanium dbrazing of the
;{ anode shank into the columbium cup recess, After
the brazing the cup-anode assembly is completed
.by cutting and machining the cup portion off the

columbium rod,

Four components are now ready for lamp assembly '
with #1731 glags frit a) tungsten anode-cup i
assembly, b) polycrystalline alumina envelope,
c) tungsten cathode - exhaust tube assembly,
d) ocolumbium cathode cup {Fig. 3, top portion),
The frit mixed with a low burn-off vehicle such

as butyl acetate is applied to the ends of the

alumina tube and inside of cups as well as to the

T T WU OSSR P PI
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area of the exhaust tubing adjacent to the
cathode ocup hole,

Fig.ll shows the arrangement employed in the
process used fo melt and flow the frit and
thereby join the four components. The lamp

assembly with the tubulation down is placed

on a two part moly support with the frees
tubulation ahd resting on the lower moly support.
As the cathode has been previously attached to
the tubulation tubing and the anode-cup assembly

sits on top of the envelope, the desired arc

spacing is determined completely by the length

of the exhaust tubing extending beyond the cathode
cap and sitting on the lower moly support.,
(Variations in arc spacings can, of course, be
obtained by changing enode and cathode lengths).

A ceramic sleeve is plaéed around thq lamp assembly
to ﬁrevent any evaporation from the tungsten oven
or moly supports to reach the lamp envelope.

Aftor the tungsten oven is placed onto the assembly

a vacuum jacket (not shown) is inserted over the
lamp assembly-support structure and connected to

a high vacuum éystem.
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An induction generator is used to induction

heat the tungsten oven'which in turn radiates
energy to the lamp assembly, All heating 1s
done in vacuum at a maximun pressure of lo'umm
of mercury. The temperature rlse and fall time
is controlled by the induction generator input
power, Various time-temperature rates have been
tried in order to obtaln the glazed frit flow
and blue;gray color appearance characteristics
suggested by the Corning Glass Works (frit

manufacturer),

Fig. 12 shows ﬁhe detall of the assembled and
fritted protosype short arc lamp ready for ex-

hausting and cesium-xenon filling,

A pyrex glass appendage is prepared 1n‘which a
cross arm holds a separately distilled capsule
of cesium metal, A tungsten hammer is inserted,
which during initial processing, may rest on the
cesium cépsule. The lamp columbium tubuletion
is joined to a columblium sesaling glass, Corning

Code #7280, to which are joined #7052 and #3320

glasses to complete the graded seal to #7740 pyrex.

The lamp-glass appendage assembly ic placed on
the vacuum system, The lamp 1s baked by sliding

o
,
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a quartz cylinder.over the lamp, flushing

argon through the cylinder‘while torching the
outside of the cylinder. Heat 1is therefore
conducted to the lamp through the guartz

cylinder and argon gas, Xenon 1is filled in

the conventional way by freezing. The appendage

is then tippecd off at the point indicated in

Fig, 13. The tungsten hammer is forced against

the cesium capsule, breaking it, and allowing
cesium to enter the appendage when heaﬁ is

applied. By carefully torching the glass appendage
cesium is driven into the columbium exhaust
tubulaﬁlon. The lamp is then tipped off at the
7280 glass portion of the graded seal. The

tipped off lemp is inserted into a quartz cylinder
through which érgon is flushed. The columbium
tubulation is heated by inductlon heating, driving
the oeslium into the lamp., The lamp is kept in the
1iquid nitrcgen dewar during this operation, The
columbiun exhaust tubing is pinched in several
locations wlth pinch-off jaws equipped with tungsten
carbide elemsnts. The completed lamp 1s mounted
into a support structure and sealed into an outer
bulb; The lamp constrvction described above is
listed in Table I and is designated as (&), Lemp
number 16 through 25, 27, 28, 34, and 36 were
fabriceted in this wgy. (Lamps #,1 through 15 were
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experimental processing units not meant to

result in finished lamps.) The operating re-

sults can be summarized as follows:
a. Columbium tubulation pinch-off not tight.

b. Ignition at 1 atmosphere or less Xxenon
i1l occurred at inner edge of columbium
tubulation instead of the tungsten cathode
tip. . The lower thermionic work function of
columbium (3,96 eV) compared to tungsten
L.45 eV) 1is responsible for this,

c. L atmospheres of xenon fill was required

in order to achieve proper ignition,

Construction Changes to Eliminate Ignition
Difficulties

. Fig. 1} shows a design in which anode and cathode

were lengthened., The length between the columhium
exhaust tube edge and the cathode tip was,
therefore, incressed, It was thought that even
with low xenon fill pressures and the lower work
function of colunbium with respect to tungsten

the arc would strike at the cathode tip., This
design also allowed the use of a 1 1/4" long
envelope capable of dissipating a higher lamp
wattage. Test results (see lamp #26 Table I) still
indicated unreliable starting and operation, The

arc was observed to switch randomly between cathode
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tip, cathode chamfer, and columbium exhaust
tubing.

The lamp design shown in Fig, 15 and represented
by (c¢) in Table I, resulted in reliable ignition
and operation even at low xenoﬁ f11l pressures,
The edge of the columbium exhaust tubing is
completely shielded by the tungsten cathode step
and there is nc tendency for the arc to be "drawn"

to the lower work function columbium tubing.

Temporary Solution for Columbium Tip-~O0ff

The many columbium tip-off leaks obtained with
construction (a) necessitated a temporary method
of sealing the tubulation while a permanent method
was being developed, Corning Code #7280 glass was
found to bead to columbium tubing end also with-
stand attack of cesium metal and veapor. A lamp
tip-off could, therefore, be effected in a conven-
tional glass tip mamner., Fig, 1} and Fig, 15
show these types of tip-offs,

At no time was it considered that the 7280 glass
would be used in a finally.developed lamp, The
method, however, allowed lamps to be built end
valuable data to be obtained until metal pinch-off
method was established,




Design for Heducing Envelope Cracks,

As listed in Table I several sapphire and

alumina lamps dsveloped cracks near the end

caps., These cracks were lorngitudinal in direc-
tion (protruding about 1/8" beyond the rim of

the caps) and velieved to be mechanicel in

origin due Lo the confining effect of the
relatiVuly massive caps and thelr consequent

lack of sufficient flexibility with respect to
the envelopes at elevated temperatues, Expansion
coefficients of columbium and elumina at 1000°C
are 7.88 x 10~ em/em-0C and 8.5 x 10-6 cm/cm-% ¢
respgctively, which clearly requires flexibility
in end cep design. This belief was further con-
firmed by the observation that all cracks, except
one, occurred at the anode cap end., Because of
the recessed construction this cap is more massive

than the cathode cap,

Two additionel design changes were, therefore,
incorporated as per Fig. 16 and Fig, 17. Fig. 16
shows the reduction in end cap lips and fig. 17
shows the method employed to dbtain the same end
cap mass fBr the anode and cathode ends, Finished

lamps are classified as (d) and (e) respectively

in Table I,

s
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Matiad Tubulatdon FPineh-linwd leveloned Lapp

Conatruatlon,

Fig. 18 shows the first attompt mude to anb-

atitute & wetnl pinoh-ofs method for the 7280

glass tip, A 015" wall thicknoaa #52 alloy

(524 Ni ;8% Fe) aloavo was placed over the

columbium exhanst tubing, ‘The lamp was proocosaed

in the way dosoribod undex» Bl, Whon the lamp waa
ready to bo tipped off, the #52 alloy sleove

was pinched as shown in the drawing., Although

there is no hermetic seal hetween the 0,D, of

the columbium tubing end the I, D, of the #52

alloy sleove, the soft #52 material apparently
"aqueezod" into the columbium, thus secling &ny
ocracks or tears which easily ooccur in that brittle
material, Lamp number 62 and 63 (oconstruction (f)
*n Table I) were made according to this method,

Lamp number 63 burned 6 hours before a small leak
was observed in the tubulation pinch-off, Fig. 19
and Fig., 20 show the final developed lamp conatruction
and metal pinch-off method., This construoction 1s
designated as (g) in Table I, The lamp is prepared
with columbium end ocap: and erhaust tubing as
described under Bl, Referring to Fig. 19, the
columbium tubulation is then cut approximately 3/8"
from the bottom of t'.e lamp, A piece of 30i} stainless
steel tuhing, 0,125" 0,D, -« ,035" wall thichness,
and a plece of Kovar tubing 0,125"0,D, - 0,010" wall




- 18 -

thiolmess are machined as shown, A 72% Titanium
287 niokel alloy wire is placed on the tubing
Joints to allow & vacuum braze to made between
the throe different tubing segments, The Kovar
ead of thoe lamp is thon spliced to Corning Code
#7052 tubing which 1s sealed to Corning Code #3320 -
tubtng and then joined to the Code #7740 pyrex ’
sppendage as described and shcwn in Fig., 13, Leamp
filling technlques are meintained as specified
under Bl, Fig. 20 shows a compieted pinched-off
lamp., |

Fig. 2l!illustrates the mounting of alumina and
sapphire lamps in an outer envelope of quartu,

This has the purpose of preventing oxidation of

the colurbium paprts. The outer envelope is filled
with & xenon pressube equal to that existinglinside
the limps., JIn this way the possibility of ignition

between ths exlernal edges of the columbium caps

is prevented,

Lamp number 67 (see Table I) was plauced on life
test. The lamp was burned at 96 watts for 19 hours
aftef which a small leak appesred near the annde
cap to alumina frit seal, This result indicaies

that the construction and pinch-off techniques




developed approach the contract objective of

25 hours life,

Radiance and Irradiance’Measurements

Fig. 22 shows radisnce values cf a sapphire
cesium-xenon lamp (see lamp #63 Table I.,) for

the indicated areas along the center line of the
arc, The seme detecting system 1s used here a&s
previously described in A, The resulﬁs can,
therefore, be directly compared to those obtalned
in Fig. 7. The strong cathcdic constriction, which
1s such ; marked characteristic of thé d.c, Xenon
arc discharge, is absent from the cesium-xenon

discharge. This rosults in radience values which

are lower by an approximate fector of 3 in that
region of the discharge. Although the cesium
discharge shows higher radiance values near the

anode, the average radiance along the arc center

line for the xenon discharge at 65 watts and 100
watts is 38 percent and 5l percent higher, respectively,

than for the ¢ssium discharge,

In order to determine how the power of a cesium
discharge distributes itself between 0.85 to 1.5

microns, spectral irradiunce measurements were
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made, Fig, 23 and 2l show results for e
cesium-xenon discharge at indicat.d operating
pressures and wattages, Fig. 25, 26, and 27
show data for & cesium-mercury~-xenon discharge,
(The reason for irtroducing mefcury into the
cesium-xenon dlscharge will be explained In the
Discussion). The results of these measurements
can be tabulated as follows:

Lamp Average Power

Figure : Wattage 0,85 - 1,5 migrons
Number  Discharge  Wettis miorowatts/eme —mn
gﬁ Cs-Xo u-205 9 73
Cs-Xe 72 20
c5 , Cs-Hg-Xe 3.6 18,%%
26 Cs-Hg=Xe 0 23.2
a7 Cs-Hg-Xe 93.5 27.9

The above measurements were madle with alumina lamps
;ccording to tﬁe method described for the measure-
ment of the quartz xenun lamp, The in-line trans-
mission of polycrystallins alumina in the 0,85 ~ 1.15
micron range is L5 percont. The illumination of the
entrance part on the integrating sphare attached

to the radiometer entrance elit must therefore be
corrected for the use of sapphire lamps wilth an
in-line transmission of 90%. An experiment was
conducted comparing the forward i1llumination of
sapphire and alumina lamps, (see Teble I lamp nos.

53 and 54}, operating at the same wattage, Measure-

ments were taken at various distances from a photbcell

b g ——
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In all cases the sapphire lamp produced a forward
illumination whioch was greater by a factor of

2.08 to 2.12,

Applying this factor (2,10) to the above tabulation
and comparing thls to the xeon lamp measurement

the followlng obtains:

‘ Lamp Average Power
Figure Wattage 0.85 - 1,5 migrons
Number Discharge Wgtts microwatts/ome.mm
27 Cs-Hg-Xe 93.5 58.5
3 Xe nion 100 37.3

The cesium-mercury-xenorn discharge operating in a
sapphire envolope, therefore, shows & 57% increase
in spectral irradiance over a comparable wattage

xenon discharge.

“A further result of the measurements is that as

the cesium pressure is increased by &n increase in
lamp wattagoe, reaﬁsorption of the 8521% anda 8943f
resonaﬁce radiation causes a decroase in output in
the 0.85 to 1.1 micron region., This ls accompanied
by & marked increase in output for the 1,2 to 1.5

micron region,

Although the contract objective called for an
investigation from 0.85 to 1,5 microns, there was

general agroement thét a principal range of interest




was the 0.85 to 1,1 micron region. Present filter

_response (such as 037-56 Corning filter with

S-1 phototube) requires that I, R, Sources

emit predominantly from 0,85 to 1.1 microns.

Based on the data obtained in Fig. 23-27 and
discussions with the contracting offilcer's represen;
tative, rubidium was considered to meet these
principal spectral requiremonts., The reabsorption
of the broadened 7800& and 7948% rubidium resonance
lines should result in high continuum output in the
1.0 mioron region., Fig, 28 shows the vapor pressure
ourve for rubidium, ‘Tha values are sufficiently

close to cesium to allow the same lamp construction

_in order to obtain similar operating pressures at

equal lamp wattages.,

Accordingly, rubidium-xenon lemps were fabricated

and tested (See Table I,lamp numbers 65, 68-T1,
73-78). Radience data are shown in Fig, 29. Results
are similer to those obtained for cesium, The arec
configuration matches that of cesium and the radiance
values fof each specified arc area are within 10%

of those obtained for cesium.

Spectral irradiance data are shown in Fig. 30. The
predicfed inerease in output in the 0.85 to 1.1
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region over a ceslum discharge operating at the
same wattage has been achieved., As 1s shown the
average power [or the rubidium-xenon discharge
18 29.9 microwatts/cm2-nm compared to 27.9

2

microwatts/cm“~-nm for the cesium-mercury discharge

as shown in Fig, 27, L

Discussion

A, Mercury Addition to_ the Cesium-Xenon Discharpge
The study of various ges and vepor compositions and.
their 1Influence on the spéctral output of I.R.
sources was within thevscope of this contract,
Experiments were limited to xenon and mercury additions

to cesium and rublidium discherges.

Xenon serves &s & starting gas and also allows the
lamps to operate at a high internal pressure for
cleaner ‘operation. Spectral irradiance data show
that the strong xenon emission in 0,82 to 0,99 micron
reglion is completely absent in the cosium-xenon dis-
charges, This is due to the lower excitation levels
of cesium and the partial pressure of each element
exlsting In the lamps fabricated and msesured, Also,
data in Table I (see lemp number 34, 35, 37 and 38)

show that, for the xenon pressure range investigated,




the voltage éradient, and consequently the lamp

voltage is determined only by the cesium vepor
pressure, This is explained by the low atomic oross
sectinn for electron interaction of xenon compared
to cesium at the existing plasma temperature (equiva-~

lent to 005 o= 100 ev)o

Mercury addition, also, does not influence the
spectral content when added to the cesium-Xenon
discharge dué to the low excltation levels of cesium
when compared to mercury. As 1s evident from Table I,
however, the discharge voltage gradient, and thefe-
fore the lamp voltage, increases, Thls 1s due to the
_(jl fact that the cross~section of the mercury atom for
interaction with electrons is similar to those of
cesium and the other &lkall metals for the average
electron enerzy of approximately 0.5 to 1 eV which

prevaeils in the arc plasma, The addition of mercury,

therefore, considerably reduces the mobility of the
electrons In the plasma and thus lncreases the gradient,

accordling to:

G =
. e nebe
(G: Gradient; j: current density; e: electronic
charge; ng: eloctron density; be:electron mobility).

Mercury addition, therefore, allowed lamp wattage to

be increased wilthout increasing the lamp currents,

This haes the advantage in that a less massive anode
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(j) and cathode can be uscd, Also, lamp efficacy will
| be higher as the elctrode 1insseos are a smallexr

part of the total lamp voltage.

B. Spectrel Irradiance and Radiance Results,

The increase in spsctral output coupled with the
decrease in radlance for equal arc areas of sapphire
cesium and rubidium lemps as compared to xenon lamps
. ' must be evaluated in terms of their application in

optical systems,

Arc concentration 1s, of courss, & required source
attribute for high beam charscteristics, The lack
- of concentration end constriction of the cesium

and rubidium discharges considerably reduces thelir

usefulness where good optical control is a require-
Aent. The increased spectral output in the 0,865 to
1.5 micron range can be used to advantage only if

a method of constricting the cesium or rubidium

discharge can be found,

The addition of hydrogen, which was previously studied

1

with pure xenon lemps—, and which showed a strong

arc contraction may provide similar results with cesium

: 3 T, Yonon Compact Arcs with Increased Brightness through A
' Addition of Hydrogen, W, E, Thouret, H, S, Strauss, '
Illuminating Engineering, Vol, LVIII, No. 5, ‘Page 371,
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and rnbidium discharges., Hydrogen, as a ﬁolecular gas,

(:) ia predominantly dissocliated Into atoms within the arc
discharge and predominantly in the molecular state in
thg non-radiating gas volume between arc and lamp envelope.
Therefore, & substantial amount of energy 1s carried away

from the arc through diffusion of df ssuciated hydrogen

étoms into the cooler surrounding gas volume, where they
release their dissociation energy in the process of re~
combining into molecunles. This loss of dissoclation
energy from ti. &arc is ecgulvalent to & marked increase of
thermal conductivity in the surrounding gaes. Calculations

of the thermal conductivity of hydrogen as a function of :

temperature and pressure which include the effect of |
dissoclation energy transfer reveal a pronounced maximum
(,, in the temperature rangs of 3,000 - 4,000°K, This tempera-

ture exlsts at the edge of the xenon radiating arc., A

~steep drop of temperature further inside the arc occurs

. which 1s the cause of the strong contraction resulting in

a higher axial temperature, brightness, and radiance,

Temperature profile measurements of alkali discharges are

i described in the literature and values of l,000 - l,500°K

in the arc center have been reported 1. Temperatures near
the edge of the radiating arc have been measured at 1500°K,
The addition of hydrogen may, therefore, cause &n arc con-
trection near the arc center in cesium and rubidium lemps

with & consequent increase in radience,

O

1. Peramaters of the High Pressure Sodium Discharge Column,
K, Schmidt, General Electric Co., Nela PFark, Cleveland, Ohio.
{Available from author,) '
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Conclusions

A technique has been established, and made available

to the govermment, for fabriqating sapphire envelope
lamps operating with cesium-xenon, cesium-mercury-xenon,
and rubidium-xenon electrode stablilized arc discharges,
As éotailed in Table I, performance reliability must be
Improved. HMechanical design changes, involving anode

and cathode end-caps can accomplish this by increasing

' their flexibility. Thus, the thermal expansion and

contraction characterlstics of synthetic sapphire will

"not lead to occaslonal) cracking cof envelopes as encountered

even during the later stages of the contract work.

Nine sapphire lamps were delivered under the contract

to the Night Vision Lab.,, Fort Belvolr, Va, 3 lamps

wer~ filled with cesium-xenon and 6 lamps were filled

with rubidium-xenon., Table I lists their operating
data,

As stated in the report, a significant increase in

spectral output (based on irrediance measurements) for

cesium and rubidium lamps over pure xenon lamps at equal
wattage was achieved in the 0.85 to 1,5 micron region.
Individual arc area radlance measurements, however, showed
consliderably lower values than for pure xenon lamps of

equal wattage,

v




V. Financiasl Statement

At the end of the completed contract period, July 15,
1967 tne total fixed contract price of $42,392.00
has been spent. '

The Accounting Department of Duro-Test Corp, will

render & detalled statement,

.WJZ»SQ" S §+mMss

Herbert S, Strauss
Manager
Vapor and Xenon Lamp Engineering

SE Oatoille

S. F. Cortorillo
Engineer in Charge of Lamp Design
and Processing

Rl e

H, Kee
Engineer in Charge of Mechanical
and Tool Design

A, H. Olsen
Engineer working with Mr., Cortorillo

on Lamp Processing During Last
Stages of Contract

Approved: ¢ZH%C’\

W, E, Thouret
Assocliate Director, Engineering
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